Introduction {#S1}
============

Epilepsy is a common neurological condition that effects nearly 1% of the population ([@B5]). Despite the introduction of many new antiepileptic drugs, 30% of epileptic patients are resistant to antiepileptic drugs ([@B46]). Furthermore, drugs that are currently used to treat epileptic symptoms have not been found clinically effective against epileptogenesis ([@B13]). The Wistar Albino Glaxo from Rijswijk (WAG/Rij) rat strain, as well as being a widely used genetic model of generalized absence epilepsy, is also a potential animal model to investigate epileptogenesis ([@B14]; [@B73]). Spike-wave discharges (SWDs) in the electroencephalogram (EEG) start to appear in 2--3-month-old WAG/Rij rats. Behavioral arrest, twitching of vibrissae, staring, accelerated breathing and head tilting are behaviors that accompany EEG seizure activity ([@B70]; [@B71]). Around 6 months of age, animals of this strain generally show 16--20 SWDs an hour ([@B60]). Recently, WAG/Rij rats have been validated as a model for mild depression ([@B53]; [@B54]). It has been suggested that seizures are required for the emergence of depression-like behavior ([@B58]).

Although of strong inherited component, absence epilepsy and comorbid depression-like behaviors in WAG/Rij rats are influenced by environmental and epigenetic factors and are quite sensitive to early interventions ([@B59]; [@B55]; [@B64]). For example, in WAG/Rjj rats, early neonatal handling results in a decrease of epileptic activity at adult ages ([@B59]). Whisker trimming during postnatal period in WAG/Rjj rats also changes seizure activity later in life ([@B61]). [@B7] demonstrated that early and chronic administration of the anti-absence drug ethosuximide suppressed the development of SWD in WAG/Rij rats. Moreover, recent studies showed how maternal care (MC) during the neonatal period affects epileptogenesis in WAG/Rij rats. Symptomatic WAG/Rij mothers showed poorer maternal care when compared to aged matched Wistar controls ([@B19]; [@B63]).

[@B62] demonstrated that WAG/Rij rat pups nursed by Wistar mothers showed less seizure activity later in life. [@B56] showed that increased MC prevented the absence epilepsy development and comorbid depression in the same model ([@B56]). Taking all this into consideration, poor maternal care in WAG/Rij rats might negatively alter rat pups' early brain development, promoting absence seizures in adulthood.

Maternal behavior in rats includes nursing, collecting pups, crouching over the pups or arched-back nursing, licking and grooming (LG) ([@B41]). Mother-pup interaction studies have mostly pointed on the role of LG and arched-back nursing (ABN) ([@B10]; [@B31]; [@B18]). Studies generally accept that ABN is a more favorable position for feeding when compared to non-arched-back nursing (NABN) ([@B37]). However, [@B55] suggested that non-nutritive contact with pups is also an important aspect of maternal care, which improves pathologic phenotype of WAG/Rij pups later in life. Another study showed that a high level of non-nutritional nursing normalizes the pathologic phenotype of rats with schizophrenia ([@B72]). Both maternal LG and NABN are considered as particularly influential stimuli and as essential sources of tactile sensory stimulation for pups, crucial for the maturation of the nervous system ([@B26]; [@B44]; [@B55]).

TS is a method of sensory stimulation that resembles maternal LG behavior in rats. Neonatal TS enriches the experience and improves maturation of newborn animals, positively influencing behaviors and neuroendocrine systems in pups ([@B8], [@B9]; [@B2]). Others showed that neonatal TS increases neurogenesis and neuroplasticity, improves anxiety-like behaviors and prevents depression-like behaviors ([@B51]; [@B22]; [@B52]). Recent reports have shown that when TS is applied both during the initial periods of development and in adult rats, neurotrophins such as brain-derived neurotrophic factor (BDNF) and fibroblast growth factor 2 (FGF-2) increase in different brain areas. In addition, dendritic lengths after brain injury increase and memory performance enhances ([@B52]).

Considering the effect of maternal care on incidence of absence seizures in WAG/Rij rats and the promising benefits of neonatal TS during the initial periods of development, we investigated the effects of two distinct forms of neonatal TS, light TS (stimulus that mimics LG) and deep touch pressure (DTP; stimulus considered could have a potential of mimicking NABN) on absence epilepsy and comorbid depression-like behaviors in adult WAG/Rij rats.

Materials and Methods {#S2}
=====================

Animals and Experimental Procedure {#S2.SS1}
----------------------------------

All procedures were performed in accordance with welfare guidelines approved by Ethics Committee of the University of Kocaeli, Turkey (KOU-6/5-2016).

Pregnant female WAG/Rij rats from the breeding facility of University of Kocaeli were housed individually in plexiglas cages in a temperature controlled room at 22--23°C and on a 12:12 h light:dark cycle. The births were monitored and at postnatal day one (P1) rat pups were randomly divided into one of four groups for each litter: control (C), maternal separation (MS), light tactile stimulation (TS) and deep touch pressure (DTP).

Light TS, DTP, and MS were applied three times per day at 9:00 AM, 1:00 PM, and 4:00 PM from P3 to P21. Mothers and their pups at the control group stayed in the home cage while TS, DTP, and MS group pups were removed from the home cage for each session. Next a soft baby brush was used to brush rat pups in the TS group during 15 successive minutes ([Figure 1A](#F1){ref-type="fig"}). The TS protocol was adapted from [@B45].

![A representative illustration of neonatal tactile stimulations. Light tactile stimulation **(A)**, deep touch pressure **(B)**.](fnbeh-14-00132-g001){#F1}

The DTP apparatus was adapted from [@B28]; it was made of wood and was composed of one "\]" shaped mobile wall (lateral walls: 20 × 5 cm, middle wall: 10 × 5 cm; one of lateral wall has a window for observation of the pup) that was moved with an adjustable compression lever, one stable wall (10 × 5 cm) that fits inside the "\]" shaped mobile wall, a 30 × 20 cm base with two support bars (30 × 2 cm) for the mobile wall and two sponge pads inside the walls (22 dns, 5 × 10 cm). Pups were placed individually between pads facing the window of mobile wall. To ensure equal delivery of pressure, the pups were placed between the sponge pads that were close enough to touch each other with the adjustment lever ([Figure 1B](#F1){ref-type="fig"}). Next, the pups returned to their litter.

In MS, pups were placed in a separate warmed cage for 15 min three times a day at 9:00 AM, 1:00 PM, and 4:00 PM between P3--P21. All rat pups were placed back with their mother after each session. Rat pups in the control group were not given any stimulation and were only handled during the regular home cage cleaning, two times a week. Following TS, DTP, and MS on P21, pups were weaned and housed with their same sex siblings in groups of 10.

Behavioral Evaluations {#S2.SS2}
----------------------

At the age 5 months, all male rats were tested in a calm and dimly lit environment (stress-free conditions) between 10.00 am and 3.00 pm. Test sequence for each animal was performed as first locomotor activity, next sucrose consumption test and these were followed by the forced swimming test.

### Locomotor Activity Test {#S2.SS2.SSS1}

Rat activity monitoring system, comprised of a plexiglas chamber (42 × 42 × 30 cm), a computer, and open field activity software, was used to record locomotor activity (Commat Ltd., Ankara, Turkey). After accommodation to the room for 1 h, rats were placed in the plexiglas chamber and locomotor activity was recorded as interruptions of photocell beams for 10 min by the software. Total locomotor activity (vertical, ambulatory and stereotypic activities) was evaluated ([@B33]).

### Sucrose Consumption Test {#S2.SS2.SSS2}

Each rat was placed in separate cages, the intake of 20% sucrose solution and the number of approaches to the drinking bottle were measured for 15 min ([@B57]). By weighing the bottle in the beginning of and at the end of the test, sucrose intake was calculated. Before testing, animals were not kept without food or water. After adaptation to the procedure for 3 days, sucrose consumption values on the 4th day were made use of for the comparison of differences between rat groups. The measurement of sucrose consumption was used to assess animals' anhedonic-like states and the number of approaches was used as indirect indicator of explorative activity during the test.

### Forced Swimming Test {#S2.SS2.SSS3}

The forced swimming test was carried out in a cylinder-shaped test apparatus (height, 47 cm; inside diameter, 38 cm) filled with 38 cm of tap water at 22 ± 1°C. Firstly, for conditioning, rats were placed into the cylinder for 15 min. Then, having been removed from the cylinder, rats were gently dried, warmed and were put back to their home cages. 24 h later, rats were placed back into the cylinder for an experiment swimming session for 5 min. Following the aforementioned session, the drying and heating procedure was repeated again.

Tests were videotaped and the observer blind to the treatment conditions measured the duration of immobility, the immobility latencies and the duration of active swimming. Vertical swimming necessary to keep only the head above the surface of the water was defined as passive swimming or immobility ([@B16]). In this test, the indications of depressive-like behaviors are decreased immobility latencies, increased immobility duration and decreased active behaviors.

Surgery and EEG Recordings {#S2.SS3}
--------------------------

At the age of 6 months, 8 animal per group were implanted with electrodes for EEG recordings. Cortical tripolar electrode set (MS3333/2A; Plastic One, United States) was placed with stereotaxic surgery under complete Xylazin (5 mg/kg ip) and Ketamine (60 mg/kg ip) anesthesia. The first electrodes were placed in the frontal area (AP 2.0 mm, L 3.5 mm), the second in the parietal area (AP -6.0 mm L 4.0 mm) at the surface of cortex and the reference electrodes were placed in the cerebellum ([@B4]). After surgery, the animals were kept in separate cages and were allowed to recover for 2 weeks. For EEG records, subjects were put in recording cages and connected to a computerized EEG recording system (MP150, Biopac Systems Inc., Santa Barbara, CA, United States) with a flexible cable that allows to move. After the 1-h habituation of the rats to the recording conditions, the EEG recordings were conducted between 10.00 am--2.00 pm for 4 h. SWDs were assessed using fundamental criteria: SWDs which occur between 1 and 10 s, with sharp spikes of frequencies between 7--10 Hz and asymmetrical spike amplitudes with slow waves and double background activity ([@B67]; [@B48]). Number, mean duration and total duration of SWDs per hour were determined ([Figure 2](#F2){ref-type="fig"}).

![Representative EEG recordings from TS (1), DTP (2), MS (3) and control (4) rats. 4th trace and expanded view shows a typical 7--10 Hz SWD lasting for approximately 10 s.](fnbeh-14-00132-g002){#F2}

Statistical Analyses {#S2.SS4}
--------------------

All statistical analyses were performed in GraphPad Prism 7.03 (United States) statistics program using one-way ANOVA or two-way ANOVA, followed by *post hoc* Tukey's test when appropriate. Groups (4 levels) were always used as a between subjects factor. For the analyses of SWDs hour was used as a within subjects factor. A *p*-value less than 0.05 was considered to be statistically significant. Data are shown as mean ± SEM.

Results {#S3}
=======

Behavioral Tests {#S3.SS1}
----------------

There were no significant differences in the total locomotor activity, as revealed by one-way ANOVA, between intervened and control WAG/Rij rats ([Figure 3](#F3){ref-type="fig"}).

![Locomotor activity in WAG/Rij rats submitted to TS, DTP, and MS in comparison to unhandled control group. The data are presented as mean ± SEM (*n* = 10 per group). Total locomotor activity, photocell count in 10 min (*P* \> 0.05). There was no statistically significant difference among groups according to one-way ANOVA.](fnbeh-14-00132-g003){#F3}

The outcomes of the sucrose consumption test are presented in [Figure 4](#F4){ref-type="fig"}. The one-way ANOVA revealed significantly higher (*p* \< 0.001 and 0.005) number of approaches in TS group compared to control and MS groups, and in the DTP group in comparison with control and MS groups. There were no significant differences in sucrose consumption between TS, DTP, MS and control groups according to one-way ANOVA (*P* \> 0.05).

![The mean ± SEM (*n* = 10 per group) for the amount of sucrose consumed. The influence of TS, DTP, and MS on behavioral parameters in the sucrose consumption test. **(A)** Number of approaches to the bottle; TS compared to the control (^a^*p* \< 0.001) and MS groups (^b^*p* \< 0.005); DTP compared to the control (^c^*p* \< 0.001) and MS groups (^d^*p* \< 0.005). **(B)** There was no statistically significant difference in the amount of sucrose consumption among groups according to one-way ANOVA measures (*P* \> 0.05).](fnbeh-14-00132-g004){#F4}

The latency to immobility in the forced swimming test of the TS and DTP groups was significantly higher than control and MS groups (*p* \< 0.005 and 0.001). The TS group demonstrated decreased immobility duration and increased active swimming time compared to the control and MS groups (one-way ANOVA, *p* \< 0.05 and 0.001). The data are presented in [Figure 5](#F5){ref-type="fig"}.

![Behavioral measures at the forced swimming test in WAG/Rij rats. The data are presented as mean ± SEM (*n* = 10 per group). Immobility latency at **(A)** TS and DTP groups compared to the control group (^a^*p* \< 0.005) and immobility latency at TS and DTP groups compared to the MS group (^b^*p* \< 0.001); **(B)** Immobility duration, TS group compared to the control group (^a^*p* \< 0.05), TS group compared to MS group (^b^*p* \< 0.001); **(C)** Active swimming duration, TS group compared with control group (^a^*p* \< 0.05), TS group compared with MS group (^b^*p* \< 0.001) (one-way ANOVA).](fnbeh-14-00132-g005){#F5}

SWDs {#S3.SS2}
----

The number, mean duration and total SWD time were calculated in control, TS, DTP, and MS WAG/Rij male rats per hour. SWD met the criteria provided by [@B67]. TS and DTP groups showed very few SWD. SWDs were not detected in 4 out of 8 animals in the DTP group in any of four hours. Two-way ANOVA performed for SWD number \[F(9,112) = 3.533, *p* = 0.0007\] showed a significant interaction between the TS and DTP effects. TS and DTP decreased significantly the number of SWDs in first two hours compared to control and MS WAG/Rij rats with two-way ANOVA (*p* \< 0.001 and \<0.00). The number of SWDs was significantly lower in TS, DTP, and MS WAG/Rij rats compared to the control group at the third hour (*p* \< 0.001, 0.005, and 0.05) and significantly lower in TS and DTP group in fourth hour compared to control WAG/Rij rats (*p* \< 0.05) ([Figure 6](#F6){ref-type="fig"}).

![Neonatal TS and DTP influences the number of SWDs in adult WAG/Rij rats. The data are presented as mean ± SEM (*n* = 8 per group). Rats underwent TS and DTP showed less SWD in their EEG at 1st and 2nd hour of recordings compared to control (^a^*p* \< 0.001) and MS groups (^b^*p* \< 0.001). TS (^c^*p* \< 0.005), DTP (^a^*p* \< 0.001), and MS (^d^*p* \< 0.05) groups showed less SWD than control group at 3rd hour and number of SWD was less in TS and DTP (^a^*p* \< 0.05) groups at 4th hour of recordings (two-way ANOVA).](fnbeh-14-00132-g006){#F6}

Two-way ANOVA performed for SWD mean duration \[F (3,112) = 20.23, *p* = 0.0001\] showed a significant TS and DTP effects for the 1st hour and DTP effects for the remaining time period. Mean SWD duration in both TS (^a^*p* \< 0.05) and DTP (^d^*p* \< 0.001) groups was decreased at the 1st hour of recordings. DTP group showed statistically significant decrease of mean duration of SWD at the 2nd hour of recordings compared to control (^a^*p* \< 0.005), MS (^b^*p* \< 0.05) and TS (^c^*p* \< 0.05) groups. Mean duration of SWD was less in DTP group at 3rd (^a^*p* \< 0.001) and 4th (^a^*p* \< 0.05) hours compared to control group (two-way ANOVA) ([Figure 7](#F7){ref-type="fig"}). Total duration of SWD was less in TS and DTP groups compared to control (^a^*p* \< 0.005) and MS (^b^*p* \< 0.05) groups at four-hour period (one-way ANOVA) ([Figure 8](#F8){ref-type="fig"}).

![The mean duration (in seconds) of SWD was different between groups. The data are presented as mean ± SEM (*n* = 8 per group). Mean SWD duration in TS (^a^*p* \< 0.05) and DTP (^d^*p* \< 0.001) groups was less compared to control group at the 1st hour. At the 2nd hour of recordings mean duration of SWD was less at DTP group compared to control (^a^*p* \< 0.005), MS (^b^*p* \< 0.05), and TS (^c^*p* \< 0.05) groups. Mean duration of SWD was less in DTP group at 3rd (^a^*p* \< 0.001) and 4th (^a^*p* \< 0.05) hours compared to control group (two-way ANOVA).](fnbeh-14-00132-g007){#F7}

![Mean and SEM (*n* = 8 per group) of the total duration of SWD was less in TS and DTP groups compared to control (^a^*p* \< 0.005) and MS (^b^*p* \< 0.05) groups at the four-hour recording period (one-way ANOVA).](fnbeh-14-00132-g008){#F8}

Discussion {#S4}
==========

The main outcome of our study is that experimentally induced neonatal tactile stimulations can influence absence seizures and comorbid depression-like behaviors of WAG/Rij rats in adulthood. Particularly, our results clearly indicate that both neonatal TS and DTP between postnatal 3--21 days led at adulthood to: (i) a prominent reduction in SWDs and (ii) decreased depression-like behavior. More specifically, neonatal induced TS and DTP resulted in a lower number and shorter duration of SWDs than was seen in control and maternally separated WAG/Rij rats. Both neonatal TS and DTP induced higher immobility latencies in the FST while only TS increased swimming time and decreased immobility time compared to control and MS rats. TS and DTP showed increasing effect on frequency of approaches to the bottle in the sucrose consumption test while total consumed sucrose was not changed.

This is the first report showing that both TS and DTP might prevent the development of absence epilepsy and comorbid depression at genetically determined absence epilepsy. Differences in maternal behavior expression can provide various levels of somatosensory experiences for offspring in the first years of life, and these experiences have the potential to affect neurodevelopment ([@B21]). [@B55] have recently found that WAG/Rij pups raised by Wistar dams exhibited less and shorter absence seizures which were accompanied by decreased depression-like behaviors in adult age compared to WAG/Rij pups raised by their WAG/Rij mothers that have decreased maternal care level. Therefore, it has eventually been suggested that improving maternal care in rats with genetic predisposition to absence epilepsy may be a way of reducing epileptic activity and depression-like comorbidity in adulthood.

Our results are in line with previous research findings that suggest environmental experiences early in life are important for the development of genetically predetermined absence epilepsy ([@B25]; [@B62]). [@B59] found that WAG/Rij pups that were exposed to daily handling between postnatal day 1 through day 22 showed a reduction in the number of SWD in adulthood; others showed that separation of pups from their mothers for 180 min during this timeline resulted in the same effect on SWD number ([@B61]). It is suggested that decreased number of SWDs is related to the increased licking behavior (which is compensatory) by the dams to the pups after the MS ([@B17]). In our study, MS did not induce any alteration in behavior and seizure activity. These results seem to be related to the short MS sessions as it has been demonstrated that prolonged separation periods that were more than 1 h early in life resulted in animals with behavioral and neuroendocrine signs of elevated stress in adulthood ([@B1]).

A recent cross-fostering study has also found that when WAG/Rij pups were raised by Wistar mothers, the frequency and duration of SWDs were decreased compared with WAG/Rij rats raised by their own mothers ([@B62]).

Maternal care in rats includes, besides nursing, two primary behavior types: (i) LG (a form of sensory manipulation to the skin) of pups and (ii) NABN (non-nutritive contacts with pups) ([@B51]). It has been shown that LG behavior of mother rats can be mimicked by TS. We consider that DTP could be a form of somatosensory stimulation that mimics NABN. Somatosensory stimulation including the use of the whiskers is a major source of sensory information in rodents, and the presence of a focal area in the peri-oral region of WAG/Rij rats with an increased neural excitability is typical for the WAG/Rij and also for the Genetic Absence Epilepsy Rats from Strasbourg model ([@B71]).

Present study findings showed that TS or DTP that mimics natural factors such as maternal care during early period could be capable of suppressing development of SWDs, perhaps by decreasing the heightened neural excitability and diminished GABAergic inhibition in the somatosensory cortex and the cortico-thalamo-cortical circuits involved in the occurrence and maintenance of SWDs. It should be noticed that TS and DTP exert a substantial effect on number and duration of SWDs in adult rats, showing the importance of level of experienced touch sensations during development. On the other hand, while both number and duration of SWDs were reduced at the TS and DTP exposed rats, only DTP showed reducing effect on mean duration of SWDs at four-hour time window. Interestingly, the mean duration of SWDs in WAG/Rij rats is primarily determined by the GABAergic reticular thalamic nucleus ([@B40]). These findings point that early TS and DTP exposure induced changes in genetically determined SWDs in a stimulation-specific way during an early developmental period in cortex and thalamus, perhaps in other brain regions such as hippocampus, amygdala, hypothalamus and brainstem as well ([@B47]), since the effects of epileptogenesis and antiepileptogenesis are not limited to the focal zone and affect other brain areas outside the for SWD crucial cortico-thalamo-cortical loop.

There is a clear circadian variation at the distribution of the SWD activity with a maximum during the early hours of the dark phase and a minimum at the beginning of the light phase, when rats have the highest amount of deep slow-wave sleep ([@B68]; [@B20]; [@B69]). Similar to previous studies, the effects of vigilance states on 7--11 Hz SWD distribution have been observed ([@B65]). While all rats had the highest SWD amount during the first hour of the recording, they showed the minimum occurrence of SWDs during the 4th hour. Therefore, it is likely that the occurrence of SWD is facilitated when the arousal level is lowest and is suppressed when the arousal level is highest, which might be induced in NTS exposed rat groups that showed more active swimming and less immobility time.

It is also indicated that while a molecular mechanism in the thalamo-cortical circuit controls the occurrence of SWD, the other mechanism controls the duration of these discharges ([@B68]). In our study, it is clear that the reduction seen in the total duration of the SWD were originated from the decreased number of SWD occurrence due to TS and DTP induced mobility and arousal level.

It is shown that densities of GABAergic interneurons in hypothalamus and amygdala, brain regions sensitive to stressful stimuli and involved in the response to these stimuli, were increased by neonatal handling ([@B23]). The assumed deficient cortical GABAergic system is sensitive to early environmental manipulations. Moreover, alteration of GABA~A~ receptor density related to increased maternal care levels was also shown in locus coeruleus ([@B10]). Adult offspring reared by high licking and grooming mothers have significantly higher GABA~A~ receptor binding levels, which shows that NTS produces persistent changes in the GABA~A~ receptor complex of rats ([@B11]; [@B50]).

NTS provided by LG and NABN during maternal care also can affect the offspring's BDNF levels and neural development. BDNF has an essential role on the structural and functional plasticity in the brain ([@B38]; [@B39]; [@B35]). When BDNF is released from corticostriatal neurons and is bound to the tyrosin kinase tropomyosin-related kinase B receptors, multiple intracellular pathways are activated, as a result of which neurite growth, synaptic plasticity, proliferation, and survival are controlled ([@B12]; [@B75]). It should be emphasized that BDNF is involved in the maturation of inhibitory GABAergic synapses ([@B29]; [@B74]; [@B6]; [@B76]), as well as that maturation and functioning of excitatory and inhibitory transmission is also modulated differently by BDNF ([@B27]; [@B43]). Moreover, it has been shown that early NTS treatment leads to increase in the skin and the brain production of FGF-2 ([@B51]). Studies suggested that increased FGF-2 following TS contribute to brain plasticity in animals ([@B15]; [@B24]; [@B51]).

NTS is considered as a positive early life experience that reorganizes neuronal morphology and synaptic connectivity during brain development ([@B34]; [@B51]; [@B45]; [@B50]). In a previous experiment, with the aid of Golgi technique, the dendritic features of cortical neurons, which might contribute to the increased cortical focal excitability have been revealed ([@B32]).

Our findings also indicate that tactile experiences are an important modulator on depression -like behaviors of WAG/Rij rats. First, BDNF is involved in the origin of depression and in antidepressant effects and NTS enhanced BDNF ([@B42]; [@B3]). Next, NTS decreased depression-like behavior later in life ([@B22]): TS early in life was accompanied by an increase in active swimming time and a decrease in immobility time in FST. Handling in animals resulted in different behavioral, endocrinological and neurochemical adaptive responses, suggesting the involvement of various neural pathways. During postnatal week 2, NTS was applied for the prevention of the development of neuropsychiatric disorders and it has been shown that NTS has modulating effect on hypothalamic-pituitary-adrenal (HPA) axis response later in life ([@B30]; [@B2]; [@B22]). It can be hypothesized that NTS early in development counteracts the expression of depression-like behaviors of adult WAG/Rij rats by modulating HPA axis response and 5-hydroxitryptamine (5-HT) tone.

It is important to note that TS administration in both neonatal and adulthood causes increased trophic factor levels (BDNF and FGF-2) in different brain areas. The maturation and survival of neurons and ([@B36]; [@B3]) 5-HT~2A~ receptor functioning that is involved in the antidepressant activity are related to essential role of BDNF signaling ([@B66]; [@B49]; [@B52]). In this sense, it is suggested that the influence caused by TS could improve HPA axis signaling and enhance the effects of neurotrophic factors which could consequently bring along improvement in depression-like behaviors in adult rats ([@B52]).

On the other hand, [@B58] found that chronic treatment of WAG/Rij rats with ethosuximide in early life has a suppressing effect on the occurrence and repetition of seizures, and which also caused an antidepressant-like effect. They suggest that depression-like behaviors in WAG/Rij rats are provoked by occurrence and repetition of seizure activity. Recent data also indicate that treatment of WAG/Rij rats before the onset of the seizures with anti-absence therapy has the potential to reduce or delay the occurrence of seizures. Considering the remarkable effect of both forms of NTS on absence seizures, the symptoms of depression behaviors could be suppressed by reducing seizure activity. Based on these findings, it is possible to hypothesize that antiepileptic effects of NTS are related to alterations in neurotrophic factors levels, GABAergic neurotransmission and changes in properties and functions of the thalamo-cortical connection involved in neural plasticity in the developing brain.

Conclusion {#S5}
==========

This study provides evidence that NTS slows down the development of absence epilepsy and comorbid depression-like symptoms in WAG/Rij rats that are genetically predisposed to absence epilepsy. The number and duration of absence seizures was reduced in both TS and DTP groups in comparison to control and MS groups. In addition, NTS in WAG/Rij rats resulted in an increased number of approaches to sucrose solution along with increased immobility latency in forced swimming test as compared with control and MS groups. TS also reduced immobility duration and increased active swimming time at the forced swimming test.

In conclusion, absence seizures and comorbid depression-like behaviors are sensitive to experimentally induced tactile stimulation. Therefore, we suggest that NTS might be used as a non-invasive and effective procedure for inhibition of epileptogenesis and depressive behaviors in absence epilepsy. Future studies in WAG/Rij rats may help to understand the mechanisms responsible for the modulating effects of NTS in this model.
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